Objective. To investigate the trigeminal somatosensory (thermal, pain, tactile, vibratory, and electric), gustative (salty, bitter, sweet, sour), and olfactory thresholds in healthy women during the menstrual cycle and investigate any association with estradiol and progesterone levels in saliva.
Introduction
Apart from gender issues underlying the high prevalence of pain in women, potential biological mechanisms include chromosome differences and sexual hormone involvement in sensory perception [1, 2] . Estrogen and progesterone have a role in neuromodulation [3] [4] [5] , and their fluctuation during the menstrual cycle is associated with the neurogenic inflammation of migraine [6, 7] . Besides, other chronic pain syndromes such as irritable colon syndrome, subtypes of temporomandibular disorders, other primary headaches, and fibromyalgia are at least in part modulated by neural inflammatory mechanisms [8] .
Estrogen receptors are present in the cardiovascular, immune, musculoskeletal, and neural systems, which include the spinal sensory ganglions, the trigeminal complex, and the sensory and limbic cortexes [9] . They can be down-or upregulated by several substances, including cytokines and inflammatory mediators such as IFNc and neurotrophines, which are involved in chronic pain mechanisms, facilitating peripheral and central hyperalgesia by neuroplasticity mechanisms that spread pain [3] .
Thus, the objective of this study was to investigate the trigeminal somatosensory (thermal, pain, tactile, vibratory, and electric), gustative (salty, bitter, sweet, sour), and olfactory thresholds in healthy women during the menstrual cycle against the levels of estradiol and progesterone in their saliva.
Methods

Subjects
We enrolled 39 women at fertile age with regular menstrual cycles between age 19 and 47 years. The mean age was 28.38 6 7.88 years. This sample was statistically calculated. It consisted of undergraduate students and volunteers who were informed about the purposes and procedures of the study. Those who agreed signed an informed consent. The study was approved by the local ethics committee and received financial support from the Foundation of Research of the State of Sao Paulo (2012/09369-4).
Inclusion Criteria
Women between age 18 and 47 years (fertile age) who were healthy, with normal arterial blood pressure and regular menstrual cycles (25-30 days).
Exclusion Criteria
Irregular menstrual cycles (lasting less than 25 days or more than 30 days); women at menopause; use of hormonal contraceptive in the last six months; use of medication for pain (analgesic and anti-inflammatory drugs) in the 24-hour period before the beginning of the protocol); use of opioids, antidepressants or ansiolitics in the last six months; history of hysterectomy; pregnancy or attempt of pregnancy in the last six months; breastfeeding; cardiovascular, neuroendocrine, psychiatric (eg. depression), gynecologic (dysmenorrhea, amenorrhea, menorrhagia, polycystic ovaries, endometriosis, anovulation) diseases; chronic or acute pain in the last six months; central or peripheral neuropathy; physical exercises in the one hour before the evaluations; smoking.
All women included fulfilled the above criteria. None had any systemic disease or other morbidities.
Evaluation Periods
The tests were performed at three stages within the cycle: menstrual phase (first through fifth day of the menstrual cycle), follicular phase (sixth through 10th day of the menstrual cycle), and luteal phase (19th through 24th day of the menstrual cycle). The patients informed the researchers of the first day of their menstrual cycle or first day of menstruation. According to the availability of the subjects, the three evaluations were scheduled within each phase. All 39 women came to the evaluations at the menstrual and follicular phases; however, five women did not come for the luteal phase evaluation for personal reasons (12.8% of the sample).
Salivary Hormone Assessment
The hormone concentrations (estrogen and progesterone) in saliva were taken by a validated technique that is quick, safe, and easy, and therefore suitable for sequential analyses done in a short period of time, which is the case of this study [2, 10, 11] . The subjects did not smoke or chew gums/candies in the 24 hours before the exam, and they fasted for two hours before the exam. In a ventilated and light room, and after being comfortably accommodated, they washed their mouth with distillated water, and nonstimulated saliva was collected in plastic bowls for 10 minutes. The saliva samples were immediately stored in a -80 C freezer until the moment of the hormone analysis. Salivary flow was obtained by dividing the volume of saliva by the collection period length (mL/minutes).
The samples of saliva were defrosted and heated at 57 C for two hours to perform the analysis of the concentration of estrogen and progesterone. Then, these samples were centrifuged at 10 C (9.000 x g) for four minutes to undergo enzyme-linked immunosorbent assay (ELISA). Enzo Life Science 17b-estradiol (ADI-900-174) and progesterone (ADI-900-011) were used in the assay.
Quantitative Sensory Testing
All subjects underwent a standardized protocol of quantitative sensory testing (QST) [16] , which consists of 10 tests grouped as follows:
• gustative and olfactory thresholds;
• thermal detection thresholds for cold and warm sensations; • mechanical detection thresholds for touch, vibration;
• mechanical pain sensitivity including superficial and deep pain thresholds; • electric pain threshold in teeth;
• corneal reflex.
The body regions evaluated were the maxillary branch of the trigeminal nerve area (2 cm below the pupil) and the forearm region, both on the right hand side of the patient. Electrical pain threshold was investigated at the upper right central incisor or the nearest tooth if the incisor was absent.
All subjects were evaluated in sitting position, with the head resting on a flat surface, and in a silent room with acoustic sealing on the walls and the door closed. Only the participant and the researcher were in the room. All subjects were evaluated by the same researcher. The participants kept concentration on the stimuli and had closed eyes. They were asked to report their perception of the sensory stimuli and describe the sensation. Only the researcher knew the order of the stimuli.
Gustative thresholds at the following molar concentrations [12] [13] [14] [15] [16] Olfactory threshold with isopropanol solutions (0.09%, 13.0%, 23.0%, 35.0%, 53.0%, 70.0%) [13] [14] [15] [16] [17] . Each concentration and a bottle of water were together offered to the patient, who sampled both and tried to pick the one with the substance three times; if the correct one was chosen all three times, the threshold was identified. If not, the next concentration was offered along with the bottle of water.
Thermal Detection
Thermal testing was performed using the MSA thermo test device (Somedic, Sweden). The baseline temperature was 32 C and the contact square area of the thermode was 9x9 mm. Cold detection threshold and warmth detection threshold were assessed using ramped stimuli at 1 C/s. The range was between 10 C and 50 C. First, cold was tested, followed by warmth after a two-minute interval. The evaluation consisted of three measurements for each thermal threshold, and the means and standard deviations were considered for the analysis.
Mechanical Detection Threshold
Touch perception was assessed using a set of standardized vonFrey filaments with rounded tips of 0.5 mm diameter, applied with an electronic device (IITC, Woodland Hills, CA, USA). The probes were tested in perpendicular position to the area to be investigated. The subject was asked to report the detection, and if in 30 seconds that did not occur, the next filament was used. Three measurements in g/mm 2 were performed, and the means and standard deviations were considered for the analysis.
Vibration Detection Threshold
Vibration testing was performed using the electronic Vibrameter device (Somedic) with a vibrator weighing 650 g and a contact area of 1 cm 2 perpendicularly applied for the threshold detection, using ramped stimuli at 1 Hz/s. The calculation method for the vibratory threshold consisted of the mean between the appearance and disappearance thresholds detected by the patient. Initially, the vibration increased until it was detected by the subject, then it decreased until the disappearance of stimulus was detected, and then the mean was calculated and used in the analysis.
Pressure Pain Perception
Deep algometry was measured with the electronic pressure algometer (Somedic) with a probe area of 1 cm 2 , which was pressed against the skin at a ramp rate of 50 kPa/s. The stimulus increased at that speed until it was detected by the subject.
Superficial Pain Perception
Superficial algometry was tested using disposable needles of 8 x 10 x 0.5 mm, applied with an electronic device (IITC). Three measurements in g/mm 2 were performed, and the means and standard deviations were considered for the analysis. The needles were tested in perpendicular position to the area being investigated. The stimulus increased until it was detected by the subject.
Electric Pain Threshold in the Tooth
Electric pain threshold in the teeth was assessed using the Pulpotest electric device (Sybronendo, USA) with a contact area of 1 cm 2 for perception and a metallic device located 2 cm apart from the area of evaluation to close the electrical circuit. The electric stimuli started at nil and increased by ramped stimuli at 1 A/s. The stimulus increased at this speed until it was detected by the subject, with a maximum value of 80 A.
Corneal Reflex
Corneal reflex was tested using a von Fey filament with a rounded tip of 0.5 mm diameter in both eyes, and the presence or absence of reflex was tested. The probe was applied upon the corneal area of the subject with their sight focused on the opposite direction, and the subject was asked to report the detection or not of the stimulus.
Statistical Analysis
Data were tabled, and frequencies, means, standard deviations, error bars, and ranges were compared between the periods of evaluation. After initial descriptive analysis, the variables were tested for distribution with Kolmogorov-Smirnoff and Q-Q tests. The statistical analysis was performed with the program SPSS 17 for Windows. One-way analysis of variance (ANOVA), multivariate ANOVA, post hoc of Tukey, Friedman test with post hoc, and Spearman correlation were used. The significance level was 5%.
Results
The evaluation of salivary flow showed an increase during the menstrual cycle, with statistical difference between the menstrual and the other phases (P < 0.001). The concentration of estrogen decreased, and the concentration of progesterone increased from the menstrual to the luteal phase (Table 1) . Table 2 shows the means of gustative and olfactory thresholds, and Figure 1 shows the means of somatosensory thresholds. In general, somatosensory thresholds in the face were lower than in the forearm, except for the vibratory and tactile. During the menstrual cycle, gustative (sweet, salty, and sour), cold, vibratory, and deep pain thresholds decreased, but warmth, electric, and superficial pain thresholds increased. The bitter threshold was higher, and the olfactory threshold was lower in the follicular phase compared with the other phases. There were no differences in corneal reflex. levels were correlated to high facial deep pain (P ¼ 0.033, R ¼ 0.202) and salty (P < 0.001, R ¼ 0.333) thresholds.
There was an association between high estrogen and progesterone concentrations with high salty (P < 0.001), facial vibratory (P ¼ 0.011), and facial deep pain (P ¼ 0.006) thresholds (Figure 2 ). 
Discussion
Pain is more prevalent in women than in men, and female patients have more pain morbidities with worst complaints [1] . Apart from psychosocial issues, there is strong evidence supporting that the neurobiological factors involved in sensory sex differences and female hormones are pain and neuronal modulators with a neurotrophic role. The sensory differences between men and women in several sensory modalities were demonstrated in our previous publication [18] . The present results are also in accordance with the previous data regarding threshold differences between upper limbs and face [18] . The current study shows evidence of the involvement of estrogen and progesterone in the higher sensitivity of women in several sensory modalities. These hormones had their influence on sensory thresholds potentiated when both were highly concentrated.
All sensory thresholds in the women in this study varied along the period of the menstrual cycle, and there was an associated influence of estrogen and progesterone on tactile and pain perceptions. Besides, the salivary flow increased in these subjects. The sensory detection of cold, vibration, deep pain, taste, and smell increased, but the sensory detection of warmth, touch, and superficial pain decreased during the menstrual cycle. Sensations mediated by large or small nerve fibers were indiscriminately affected, but the location of the sensation (deep or superficial) seems to determine the increase or decrease of thresholds during the cycle. Deep pain and vibratory (deep mechanical) thresholds decreased, and superficial pain and tactile (superficial mechanical) thresholds increased during the menstrual cycle.
The decrease in deep pain thresholds during the menstrual cycle corresponds to the increase in pain complaints by women in their premenstrual period (e.g., migraine) [6, 7] and may play a role in their pathophysiology. In the luteal phase, the protective influence of estrogen on deep sensations is lost. However, there is an associative role of progesterone with estrogen that increases the superficial thresholds and that was also observed in fibromyalgia [7, 19, 20] , although this point remains controversial because women who received high doses of hormones in in vitro fertilization had their pain thresholds reduced [21] .
Estrogen influences the sensory neurotransmission while inducing the synthesis of neurotrophins [8] , release of neural growth factors, and growth of dendrites. It also potentiates the link between glutamate and the NMDA receptor [7] and increases the release of peripheral cytokines such as gamma interferon, promoting the increase of cortisol, which can play a role in the establishment of chronic pain [22] . Estrogen function is directly influenced by the concentration of progesterone, which potentiates its analgesic effects on opioid receptors, observed in animal studies [23, 24] . Moreover, progesterone's analgesic effect is gabaergic and depends on the presence of estrogen to be effective [8, 25] . When estrogen is absent, progesterone can worsen pain. This complex relation between these hormones and pain sensitivity is possibly the reason for the controversial findings in the literature [22] .
The variations in salivary flow and gustative and olfactory thresholds during the menstrual cycle can influence the eating habits of women, who may present food preferences according to the stage of the cycle [4] . Saliva is important in the transduction of oral sensations, and the influence of hormones on its qualitative aspects needs further investigation.
In this study, we investigated the concentration of estrogen and progesterone in saliva, a method with evidence of being reliable [2, 10, 11] . Limitations are the impossibility of evaluating the subjects on a specific day within each phase of the menstrual cycle and the use of saliva instead of blood serum for the hormone analysis. However, the schedule of evaluations depended on the determination of the first day of the cycle and the availability of the patient, and blood samples at short intervals would have turned this project impracticable. Although five women did not come for the last evaluation, the sample size had been calculated and tested, confirming the statistical power of the results.
In conclusion, estrogen and progesterone seem to be involved in sensory neuromodulation in women during the menstrual cycle. The analgesic role of estrogen was potentiated by progesterone, which also caused an increase in superficial thresholds and a decrease in deep thresholds. Future studies should investigate the implication of these findings in chronic pain syndromes, as well as the role of chromosomal differences between women and men that could also be involved in biological sex differences regarding pain.
